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(54) Heat-stable d^minoacylase 

(57) The present Invention provides a novel D-ami- 
noacytase. as well as method for producing a D-amtno 
acid using the same. In order to achieve the above 
objective » the present inventors have succeeded in pu- 
rifying heat-stable D-amlnoacylase from nnicroorgan- 
isnis belonging to the genus Streptomyces by combin- 
ing various purification methods. Furthemnore, the 
present inventors found that the purified heat-stable D- 



aminoacylase is useful In industrial production of D-ami- 
no acids. By utilizing the heat-stable D-aminoacylase. it 
is possible to readily and efficiently produce the corre- 
sponding D-amino acids from N-acetyl-DL-amino acids 
(for example, N-acetyl-DL-methionine, N-acetyi-DL-va- 
llne, N-acetyl-DL-tryptophan, N-acetyl-DL-phenyta- 
lanine, N-acetyl-DL-alanlne. N-acetyl-DL-leucine, and 
soon). 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a novel D-aminoacylase, as well as methods for producing D-amIno acids 
using the same. 

BACKGROUND OF THE INVENTION 

10 [0002] Enzymes have excellent catalytic functions with substrate specificity, reaction specificity, andstereospecifidty. 
Stereos pecificity of en27n^es, with some exceptions, are nearly absolute. 

[0003] Recent precise research has increased the importance of optically active substances for use in drugs, pesti- 
cfdes, feeds, and perfumes. Optical isomers sometimes have quite different biological activities; for example, D(R)- 
form thalidomide has no teratogenic activity, while its L(S)-fonm shows strong teratogenicity. Thus, the practical use of 

15 the thalidomide racemate caused the drug Injury incidents by thalidomide. Furthemnore, If one enantiomer shows an 
effective biological activity, the other enantiomer sometimes not only has no activity but moreover competitively inhibits 
the activity of the effective enantiomer As a result, the biological a^lvlty of the racemate is reduced to half or less of 
the activity of the effective enantiomer. Accordingly, It Is industrially Important to obtain (synthesize or optically resolve) 
optically pure enantiomers. For this objective, an effective procedure has been used widely to optically resolve race- 

20 mates synthesized. In particular, enzymatic optical resolution has drawn attention because it does not produce by- 
products and a bulk of liquid waste. 

[0004] Generally, L-amino adds are widely and largely utilized In seasonings, food and feed additives, and infusions, 
and are thus very highly demanded. L-amIno acids have been produced mainly by direct fermentation using microor- 
ganisms. Optical resolution in which N-acyl-DL-amino acids are hydrolyzed with L-aminoacylases is also a known 
method for producing L-amino adds. It has been utilized to industrially produce L-amino acids that are difficult to 
produce by fermentation. These L-aminoacylases are widely found in animals, plants, and microorganisms. They have 
been purified from various organisms, and their properties have been clarified. N-terminal amino acids of many proteins 
are considered to be N-acetylated in viva L-aminoacylases presumably regenerate the N-acetyi-amino acids produced 
by decomposition of proteins to amino acids. Among L-aminoacylases, an acylasethat acts on N-acyl-L-glutamic acid 

30 is reported to be Involved In arginine biosynthesis (Fruh. H.. Lelsrnger, T: J. Gen. Microb. 126. pp1 (1981)). 

[0005] In contrast, D-amino acids have not been a subject of Interest for a long time because they are nonprotein 
amino acids. D-amino acids were known to naturally occur only In small cyclic peptides, peptldogtycan of bacterial cell 
walls, and peptide antlbiotks. However, D-amino acids have been demonstrated to be constituents of neuro-peptldes 
and to exist as binding forms in tooth enamel, the lens, and cerebral proteins, resulting in Investigation of physiological 

35 significance and enzymatic synthesis of D-amino acids. 

[0006] At present. DL-amino acids have been optically resolved by physicochemtoalj chemical, and enzymatk: meth- 
ods. The enzymatic methods are the most convenient and Industrially applicable for, for example, continuously pro- 
ducing L-methioninef rom N-acetyl-DL-methionine using a bk>reactoron which L-amlnoacylase is immobilized. [)-amino 
acids may also be produced using hydantoinase. The method involves a two-step enzymatic reaction . The first reaction 

40 uses D-specific hydantoinase to convert D.L-5-substltuted-hydantoln, which Is synthesized at low cost from aldehyde 
analogues, to a D-carbamyl derivative. The second reaction uses D-amIno acid carbamylase. Moreover, a method is 
known in which D-aminoacylase hydrolyzes N-acetyl-DL-amIno acids to produce D-amino acids (Sugie, M, and Suzuki, 
H.: Argric. Biol. Chem. 44, pp1089 (1980), Tsai, Y. C, Lin, C. S., Tseng, T H., Lee, H. and Wang, Y. J.; J. Enzyme 
Microb. Technol. 1 4, pp384 (1 992)), Thus, D-aminoacylases are Important for production of D-amIno acids. However, 

4s their physiologic Innportance and structural functions and so on remain to be resolved. 

[0007] D-amlnoacylase was first reported to be found In Pseudomonas sp. KT63 isolated from soil by kameda et al. 
in 1952 (Kameda, Y.i Toyoura, H., Kimura, Y. and Yasuda, Y.: Nature 170, pp888 (1952)). This enzyme hydrolyzed N- 
benzoyl derivatives of D-phenylalanine, D-tyrosine, and D-alanine. Thereafter, Oaminoacylases derived from micro- 
organisms were reported as follows: 

so 

Genus Pseudomonas (Kubo, K.. Ishikura, T, and Fukagawa, Y.: J. Antiblot. 43, ppSSO (1980); Kubo, K., Ishlkura, 
T. and Fukagawa, Y.: J. Antiblot. 43, pp556 (1 980); Kameda, Y., Hase, T. Kanatomo, S. and Kite, Y.: Chem. Phamn. 
Bull. 26, pp2698 (1978); Kubo, K., Ishikura, T. and Fukagawa, Y.: J. Antibiot, 43, pp543 (1980)); 
Genus Sireptomyces (Sugle, M. and Suzuki, H.: Argric. Biol. Chem. 42, pp107 (1978); Sugie, M. and Suzuki, H.: 
ss Argric. Biol. Chem. 44. pp1089 (1980)); 

Genus Ahaligenes (Tsai, Y. C. Tseng, C. P., Hsiao, K. M. and Chen, L. Y.: Appl. Environ, Microbiol. 54, pp984 
(1988): Yang, Y. B., Hsiao, K. M., U, H., Yano, Y.. Tsugita, A. and Tsai, Y. C: Biosci: Biotech. Blochem, 56, pp1392 
(1992); Yang. Y. B., Un. C. S., Tseng, C. P., Wang, Y. J. and Tsai, Y. C: Appl. Environ, Mwrobiol. 57, pp2767 (1991); 
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Tsai, Y. C„ Lin, C. S., Tseng, T. H.. Lee. H. and Wang: Mlca-ob. TechnoL 14, pp3B4 (1992); Moriguchi, M. and Ideta, 

K,: Appl. Environ. Microbiol. 54. pp2767 (1988); Sakai, K;, Imamura. K., Sonoda. Y.. Kido, H. and Moriguchi, M.: 

FEBS. 289, pp44 (1991); Sakai. K.. Obata, T. Ideta. K. and Moriguchi, M.: J. FennenL Bioeng. 71, pp79 (1991); 

Sakai. K.. Oshlma, K. and Moriguchi. M.: Appl. Environ. Microbiol, 57. pp2540 (1991); Moriguchi. M.. Sakai. K., 
5 Katsuno. Y., Maki, T. and Wakayama, M.i Biosci. Biotech. Biochem.. 57, pp1145 (1 993); Wakayama. M.. Ashlka, 

T. Miyannoto, Y. Yoshikawa. T., Sonoda, Y.. Sakai, K. and Moriguchi. M.: J. Blochem. 118, pp204 (1995)); 

Moriguchi. M., Sakai, K., Miyamoto, Y, and Wakayama. M.: Biosci. Biotech. Biochem., 57, ppl149 (1993)); 

Genus AmycoiatopsfS (Japanese Patent Application No. Hei 9-2062B8); 

Genus Sebekia (Japanese Patent Application No. Hei 10*089246); and 
10 fungus (Japanese Patent Application No. He! 10*228636). 

[0008] Tsai et al. and Moriguchi et at. also clarified the characteristics of D-amlnoacyiase derived from mlcroorgan- 

isms belonglng to the genera i4A:a//ge/7e5 and Pseudo/Twnas and the amino acid and nucleotide sequences of the 

enzymes. Moriguchi et al. found, by using different inducers, three types of D-aminoacylases in microorganisms be- 
is longing to the genera AfcaUgenes and Pseudomonas (Wakayama. M.. Katsumo, Y., Hayashi, S., Miyamoto, Y., Sakai, 
K. and Moriguchi. M.: Biosci. Biotech. Biochem. 59. pp2115 (1995)). 

[0009] Furthermore, Moriguchi et al. detemnlned the nucleotide sequences of these D-amlnoacylases derived from 
a microorganism belonging to the genus AlcaVigenes and compared them with L-aminoacylases derived from BacUtus 
stereolhermophilus, human, and pig. The results demonstrated that these D-aminoacylases have a low homology wllh 
20 L-aminoacylases (Wakayama. M., Katsuno, Y.. Hayashi, S., Miyamoto, Y., Sakai, K. and Moriguchi. M.: Biosci. Biotech. 
Biochem., 69, pp2116 (1995)). 

[001 0] As to Actinomycetes, Sugie et al. reported D-aminoacylase of a mrcroorganism belonging to the genus Strep- 
tomyces (Sugie, M. and Suzuki, H.: AiBrlc. Biol. Chem. 42, pp107 (1978), Sugie, M. and Suzuki, H.: Argric. Biol. Chem. 
44, ppl 089 (1 980)). However, the enzyme has not yet been purified, and Its characteristics have not been well clarified. 

25 [0011] The thermal stability of any of these known D-amlnoacylases above are below 50*^0, and the optimal tem- 
perature is below SO'^C. No O-aminoacylases with higher thennal stability is presently known. It is economically ad- 
vantageous to use heat-stable D-aminoacylases, since durability of the enzyme rises with thermal stability. Moreover, 
application of heat-stable D-aminoacylases in the production of D-amino acid possesses economic merit as well, since 
it is possible to set the reaction temperature high enough to elevate the concentration of the substrate and such due 

30 to the higher solubility. 

SUMMARY OF THE INVENTION 

[0012] The object of the present invention is to isolate a heat-stable D-amlnoacyiase. Another object of the present 
35 invention is to provide methods for producing D-amino acids using the heat-stable D-aminoacylase. 

[0013] in order to achieve the objectives above, the present inventors have succeeded in purifying heat-stable D- 
amlnoacylase from mteroorganisms belonging to the genus Strepiomyces by combining various purification methods. 
Furthermore, the present inventors found out that the purified heat-stable D-aminoacylase is useful in industrial pro- 
duction of D-amino acids. 

40 [0014] Thus, the present iriventloTT relates to the heat-stable D-aminoacylase below, as well as the use of the same. 
More specifically, the invention provides: 

(1) A heat-stable D-aminoacylase having the following physioochemtcal properties of (a) to (c) below: 

45 (a) action: the enzyme acts on N-acyl-D-amino acids to produce the conresponding D-amlno add; 

(b) themial stability: the enzyme Is stable at SS^'C when heated at pH 7.5 for 60 minutes, but is inactivated at 
70* C or more under the same condition; 

(c) optimal temperature: under the condition of pH 7.5, temperature around 60''C is suited. 

50 (2) The heat-stable D-aminoacylase of claim 1 . which has also the following physicochemicai properties of (d) to 

(g) below: 

(d) molecular weight: a molecular weight of approximately 40,000 dattons measured by SDS-polyacrylamide 
gel electrophoresis; 

55 (e) substrate specificity: the enzyme effk^iently catalyzes the reaction with N-acetyl-D-methlonine, N-acetyl- 

D-tryptophan and N-acetyl-D-phenylalanlne. and catalyzes the reaction with N-acetyl-D-vallne. N-acetyi-D- 
alanlne and N-acetyi-D-leuctne, but has substantially no catalytk: acth/lty for N-acetyl-L-methh>nlne, N-acetyl- 
L-valine, or N-acetyl-L-phenylalanine; 
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(f) optimal pH: a pH about 7.0 Is suited, when acted at 30*>C for 60 minutes; 

(g) effect of metal Ion: the activity is accelerated v^h 1 mM Co^-^, but Is markedly inhibited with 1 mM Cu^^. 

(3) The heat-stable ,D-aminoacyiase of (1) or (2). which is derived from microorganisms belonging to the genus 
5 Streptomyces. ' * 

(4) A heat-stable D-amlqpacyiase derived from Streptomyces thermqnitrificans CSS-^, deposited under the ac- 
cession No. PERM BP-7678. 

(5) Streptomyces thermonttrificans CS5-9, deposited under the accession No. PERM BP-7678. 

(6) A DNA encoding the heat-stable D-aminoacylase of any of (1) to (4). 

10 (7) A method for producing the heat-stable D-aminoecylase of any of (1 } to (4), said method comprising cutturing 

a microorganism producing the heat-stable D-aminoacylase of any of (1) to (4) and recovering the microorganism 

or the culture supernatant. 
(e).A.methpd.focprAduciDgja.Dj:amino.acid, w^ 

cyiase of any of (1 ) to (4) with N-acyl-DL-amino acid. 
IS (9) A method for producing a D-amino acid, wherein isaid method comprises contacting a microorganism producing 

the heat-stable D-aminoacylase of any of claim 1 to 4, or a processed product thereof, with INI-acyl-DL-amlno acid. 

(1 0) The method of claim 8 or 9, wherein the N-acyl-DL-amIno acid Is N-acetyl-DL-methionlne, N-acetyI-DL-va!ine, 

N-acetyl-DL-tryptophan, N-acetyl-DL-asparaglne, N-acetyl-DL-phenylalanlne, N-acetyl-DL-atanine, or N- 

Bcetyl-DL-leucine. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 niustrates purification by Butyl-Toyopearl column chromatography of the D-amlnoacylase of the 
present invention. The triangle denotes the absorisance (at 280 nm) ; the line denotes the concentration of ammonium 
2S sulfate (by % saturation) . The active fraction is denoted by arrows (fraction numbers from 25 to 35). Additional param- 
eters include: 

gel volume: 180 ml; 
resin : TK Butyl Toyopearl 650M; 
30 equilibration and washing: 30% saturated ammonium sulfate containing 50 mM phosphate buffer BOO ml; and 

eiution :800 ml of buffer with a linear gradient of 30% to 0% saturated ammonium sulfate, each fraction contained 
20 ml solution. 

[0016] Figure 2 illustrates purification by Butyl-Toyopeari column chromatography (2 nd) of the D-aminoacylase of 
35 the present invention. The triangle denotes the absorbance (at 280 nm); the line denotes the concentration of ammo- 
nium sulfate (by % saturation). The active.fraction is denoted by arrows (fraction numbers from 20 to 415). Additional 
parameters include: 

gel volume: 50 ml 

40 resin : TK Butyl Toyopearl 650M - - 

equilibration and washing: 30% saturated ammonium sulfate containing 50 mM phosphate buffer 800 ml 
eiution :800 ml of buffer with a linear gradient of 30% to 0% saturated ammonium sulfate, each fraction contained 
20 ml solution. 

4s [0017] Figure 3 illustrates purification by DEAE-Toyopearl column chromatography of the D-aminoacylase of the 
present Invention. The triangles denote the absorbance (at 280 nm); the circles the activity (by mUAnl); and the line 
denotes the concenlralion of NaCI. Additional parameters include: 

get volume: 50 ml 
50 equilibration and washing: 50 mM phosphate buffer 250 ml 

eiution :250 ml of buffer with a linear gradient of 0 M to 0.5 M NaCI, each fraction contained 5 ml solution. 

[0018] Figure 4 Illustrates purification of the D-aminoacylase of the present invention by gel filtration using HlPrep 
1 6/60 Sephacryl 8200 HR. The triangles denote the absorbance (at 280 nm), the circles the activity (by mU/ml). Ad- 
ss ditlonai parameters include: 

gel volume: 320 ml 

equilibration and washing: 640 ml of 50 mM phosphate buffer containing 0.1 5 M NaCI 
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etutlon : the same buffer as above. Flow rate 0.5 ml/min 

[0019] Figure 5 Illustrates the result of measurernent of the molecular weight of the D-amlnoacylase of the present 
invention by gel filtration. The letters in the figure denote the following: A: gamma globulin (168,000); B: ovalbumin 
5 (44,0001; C: myoglobin (17,000); D: vitamin B-12 (13,600). The circle denotes the position where the D-amlnoacylase 
of the present invention was eluted and its molecular weight 

[0020] Figure 6 Illustrates the result of measurement of the molecular weight of the D-aminoacylase of the present 
invention by SDS-PAGE method. Phosphorylase B (97,4 K), serum albumin (66.1 K). ovalbumin (45 K). and carbonic 
anhydrase (31 K) were used as the molecular weight marker. The concentration of separation gel was 10%. M: mo- 
10 lecular weight marker; 1: crude enzyme solution; 2: Butyl-Toyopearl chromatography (first time); 3: DEAE Toyopearl 
chromatography; 4: hiprep 10/60 Sephacryl S200 gel filtration; 5: MonoQ HR 5/5. 

[0021] Figure 7 shows the themnal stability of the D-aminoacylase of the present invention. The standard reaction 

nilxture'SiDlution'wlthoutthesubstraterN=acetyl-D=methionine. was preincubatedforS 

and was cooled thereafter to O'C Immediately. Then, N-acetyl-D-methionlne was added and the enzyme reaction was 
IS carried on for 60 minutes. The remaining activity was calculated taking the activity of the untreated reaction as 1 00%. 
[0022] Figure 8 shows the optimal reaction temperature of the D-aminoacylase of the present Invention. The standard 
reaction mixture solution without the enzyme was wanmed to 30*C before the enzyme reaction, and 16 minutes of 
enzyme reaction was measured. 

[0023] Figure 9 shows ihe optimal reaction pH of the D-aminoacylase of the present Invention. The triangles In the 
^ figure denote results with Bls-Trls-HCI buffer (pH 5.0 to 7.0). and the circles with 50 mM Tris-HCI buffer (pH 7.6 to 1 6.0). 
[0024] Figure 1 0 shows the results of pH stability or the D-aminoacylase of the present invention. The enzyme was 
allowed to stand still for 20 minutes at each pH, at 4'C. Then, the activity was measured with standard reaction solution 
composition (pH 7.5) at 30°C for 60 minutes. The remaining activity was calculated, taking the acth/fty of the reaction 
at pH 7.0 as 100%. 50 rhM buffer of the following were used: open triangle, cItrate-NaOH (pH 3.0, 3.5); filled triangle, 
25 acetate-NaOH (pH 4.0 to 5.0); open box, Bls-Tris-HCI (pH 6.0 to 7.0); filled box. Tris-HCI (pH 7.0 to 1 0.0); open circle, 
Borate-NaOH (pH 1 0.0 to 1 1 .0). 

DETAILED DESCRIPTION OF THE INVENTION 

30 [0025] The present invention relates to heat-stable D-aminoacylase. The "D-aminoacylase" of the present invention 
refers to enzymes that catalyze the production of organic acids and D-amino acids from N-acyl-D-amlno acid. The D- 
aminoacylase of the present Invention has the physicochemical properties of (a) to (c) below. 

(a) action: the enzyme acts on N-acyl-D-amino acids to produce the con^esponding D-amino add; 
35 (b) thennal stability: the enzyme is stable at SS'C when heated at pH 7.5 for 60 minutes, but is inactivated at higher 

temperature than 70'*C under the same condition; and 

(c) optimal temperature: under the condition of pH 7.5, temperature around eo^'C Is suited. 

The D-aminoacylase of the present invention preferably has also the physicochemical properties of (d) to (g) 
below. 

. 40 (d) molecular weight: a molecular weight of approximately 40,000 daltons measured by SDS-polyacrytamlde gel 

electrophoresis. 

(e) substrate specificity: the enzyme efficiently catalyzes the reactfon with N-acetyl-D-methionine. N-acetyl-D-tryp- 
tophan and N-acetyl-O-phenylalanine, and catalyzes the reaction with N-acetyl-D-valine. IM-acetyl-D-alanine and 
N-acetyl-D-leuclne, but has substantially no cata^tic activity for N-acetyi«L-methionlne, N-acelyM.-valine, or N- 
45 acetyl -L-phenylalanlne. 

(0 optimal pH: a pH about 7.0 Is suited, when acted at SO'C for 60 minutes. 

(g) effect of metal ton: the activity is accelerated with 1 mM Co^*, but is markedly inhibited with 1 mM CiP*. 

[0026] The activity of the D-aminoacylase of the present invention can be tested by the following procedure. For 
so example, an enzyme solution (1 00 is mixed and Incubated with 50 mM Tris-HCI (pH 7.5) buffer (total volume: 500 

jil) containing 20 mM substrate (various N-acetyl-D-amIno acids) at 30'*C for 60 minutes. By measuring the amounts 

of amino acid synthesized by this reaction, enzymatic activities for respective substrates can be compared with each 

other. Assay for amino acid is perfomned by theTNBS (trinitrobenzenesulfonic acid) method or the HPLC method. 

[0027] The enzyme activity is defined in units (U), assaying production of D-methlonine as the standard, wherein 1 
55 u is defined as the amount of enzyme that produces 1 (imol of D-melhlonine in 1 minutes at 30"C. Substrates other 

than D-mathionine can be assayed by measuring the D-amino acid quantity produced in 1 minute at 30*'C. as well. 

The reactivity between enzymes or substrates can be compared to each other utilizing this activity. 

[0028] According to the results of the analysis discussed in detail bek>w, the D-aminoacylase derived from the m1- 
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croorganisms belonging to the genus Streptomyces in the examples, were conf Imned to catalyze especially well reac- 
tions of the folloMsing substrates (see-Table 2): — . - -: - 

N-acetyl-D-methionlne; . '* 
5 N-acetyl-D-tryptophan; a*nd 

N-acetyl-D-phenylalanlne,. - 

[0029] Also catalytic actipns on the following substrates were confirmed: 

10 N-acetyl-D-vatine; 

N-acetyl-D-alanine; and 
N-acetyl-D-leucine. 

[0030] On the other hand, substantially no catalytic activity was confinmed on the following substrates: 

IS 

N-acetyl-L-methlonine; 
N-acetyl-L-vallne; and 
N-acetyKL-phenylalanine. 

^ [0031] Thus, the present invention provides heat-stable D-amlnoacylases that catalyze the reaction with N-acyl-D- 
amfno acids to produce D-amino acids. The heat-stable D-aminoacylase Is stable when treated under a pH of 7^ at 
55^C for 60 nninutes, and (s inactivated at a tenriperature higher than 70?C under the same condition. The term "stable" 
as used herein means that the activity is retained and indudes comparath^e stability. Specificelly, it can be referred to 
as being stable when at least 20%, preferably more than 40%, more preferably more than 60% of the activity, as 
compared to the activity before the treatment, Is retained. On the other hand, "inactivated" refers to a situation where 
the activity drops markedly or a situation where the activity Is totally lost. Specifically, in the case where the activity 
drops to less than 10%, preferably less than 7%, and more preferably less than 5% of the activity compared to the 
activity before the treatment, it can be described as being Inactivated. Activity can be measured as mentioned above. 
[0032] Moreover, the heat-stable D-amtnoacytase of the present invention shows optimal activity at a temperature 

30 around eo^'C when reacted at pH 7.5. The term "around 60"C" herein means a temperature of 55 to 65"C, preferably 
57 to SS^'C. and more preferably 58 to 62*C. 

[0033] Further, the heat-stable D-aminoacylase of the present invention preferably shows a molecular weight of 
about 40,000 daltons measured by SDS-poIyacrylamide gel electrophoresis. The term "about 40,000 daltons" encom- 
passes a range of 35,000 to 45,000 daltons, preferably 37,000 to 43,000 daltons, and more preferably 38,000 to 42,000 

35 daltons. Moreover, the heat-stable D-amlnoacylase of the present invention preferably efficiently catalyzes the reaction 
with N-acetyl-D-methionlne, N-acetyl-D-tryptophan and N-acetyl-D-phenylalanine, catalyzesthe reaction with N-acetyl- 
D-valine, N-acetyl-D-alanlne and N-acetyl-D-leucine, and has substantially no catalytic activity for N-acetyl-L-methlo- 
nlne, N-acetyl-U-valine and N-acetyl-L-phenylalanlne. The term "efficiently catalyzes" as used herein means, substrates 
that are catalyzed at average or above the average. And the temi "substantially no catalytic activity" means that no 

^ detectable L-amino acid is produced under the conditions above, or the acthrity calculated as above is less than 10, 
preferably less than 5. and more preferably less than 2 when taken the corresponding production activity of the D- 
amlno acid to L-body is talcen as 1 00. 

[0034] Moreover, the heat-stable D-amlnoacylase of the present Invention shows optimal activity at a pH of about 
7.0 when activated at 30^0 for 60 minutes. The term "a pH of about 7.0" encompasses a pH ranging from 6 to 8. 

45 preferably 6.3 to 7.7, and more preferably 6,5 to 7.5. Further, the activity is accelerated with 1 mM of Co^* and Is 
Inhibited markedly with 1 mM of Cu2+. The acceleration of the activity should be a significant one. Furthemnore, the 
term "marked inhibition of the activity" refers to a situation wherein the activity is decreased markedly or wherein the 
activity completely disappears. Specifically, it can be mentioned, *the activity is inhibited markedly" when the activity 
is decreased to under 10%, preferably under 5%, and more preferably under 3% compared to the activity where no 1 

so mM Cu^ exists. The activity can be measured and cateutated as mentioned above. 

[0035] There is no limitation on the derivation of the heat-stable O-aminoacylase of the present invention. Preferably 
the D-aminoacylase of the present invention is derived from microorganisms. For example, microorganisms that can 
proliferate under a condition with higher tennperatu re than 65^C like thermophile, themiophitic bacteria, and such can 
be mentioned as microorganisms for the preparation of the heat-stable D-aminoacylase of the present invention. Bao- 

55 teria of the genus Bacillus (S. thermophllus, B. megaterium, B. coagulans, B. stearothermophilus, etc.), bacteria of the 
genus Clostridium {CMuyveri an6 such) . microorganisms of the genus Desulfotomaculum and such, as well as mi- 
croorganisms of the genus Thermits (T. fia\nts, T. ttiermophUus, X aguaticus, T celer, etc.), methanogen (Afefhano- 
bacterium, Methanococcus, Methanosarcina, etc.), lacttoacid bacteria (Lactobacillus lactis, L. acidophUus, L bu^ari- 
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cus, L. defbrueckih etc), hydrogen bacteria, photosynthetic bacteria, and so on can be nnentioned as thermophiles 
(thermophilic bacteria). Additionally, hyperthermophiles such as Pyrococcus furlsus. Pymcoccus sp.. and Aeropyrum 
pernix an^ so on can be mentioned. 

[0036] The heat-stable D-aminoacylase of the present Invention is preferably a D-aminoacylase derived fronn a nni- 
5 croorganism belonging to the genus &reptomyces. Streptomyces thermonitrincans is preferable as microorganisrns 
belonging to the genus Streptomyces, For exannple, bacterial strain CSS-9 deposited as FERM BP-7678 can be men- 
tioned as such a microorganism. 

[0037] The D-aminoacylase produced by the microorganism can be obtained by culturing the microorganism, and 
recovering the culture or the culture supernatant. Either synthetic or natural media can be used, so long as they contain 
10 proper amounts of a carbon source, nitrogen source, inorganic materials, and other nutrients. The culture media may 
be either liquid or solid. 

[0036] Moire specifically, examples of carbon sources include sugars such as glucose, fructose, maltose, galactose, 

starctiTstarch hydrolysatermolassesrandljteckstrap molasses; natural carbohydrates such a& com; 

alcohols such as glycerol, methanol, and ethanol; fatty acids such as acetic acid, gluconic acid, pyruvic acid, and citric 
15 add; hydrocarbons such as nomial paraffin; and anruno adds such as glydne, glutamine. and asparagine. One or more 
of the above cartxjn sources are used, depending on asslnnllability of the fungus used. Examples of nitrogen sources 
Include organic nitrogen-containing compounds such as meat extract, peptone, yeast extract, soybean hydrolysate, 
milk- casein, casamino acid, various amino acids, corn steep liquor, and other hydrolysates of animals, plants, and 
microorganisms; and Inorganic nitrogen-containing compounds such as ammonia, ammonium salts such as ammonium 
so nitrate, ammonium sulfate, ammonium chloride, nitrates such as sodium nitrate, and urea. One or more of the above 
nitrogen sources are used, depending ori assimllablllty of the fungus. 

[0039] Furthermore, a minute amount of one or more inorganic salts can be used. Examples thereof include phos- 
phates; hydrochlorides; nitrates; acetates; or similar salts of magnesium, manganese, potassium, calcium, sodium, 
copper, or zinc. Antifoaming agents, such as vegetable oil, surfactants, or silicon, may be added to the culture medium. 

^ [0040] Culturing can be performed in the liquid medium containing the above-described Ingredients using the usual 
culture methods, such as shaking culturing, aerobic agitation culturing. continuous culturing, or fed-batch culturing. 
[0041] Culturing conditions may be property selected depending upon the fungal strain and culture method, and are 
not particulariy limited as long as the fungi used can proliferate to produce D-aminoacylase. Ordinarily, the pH at the 
beginning of the cultivation is adjusted to pH 4 to 1 0. preferably to 6 to 8. A terhperature that suits for the growth of the 

30 mfcroorganism is selected conveniently. 

[0042] The culturing time is also not particulariy limited so long as a sufficient amount of fungal cells having the D- 
aminoacylase activity can be obtained. The culturing Is usually performed for 1 to 14 days, preferably for 1 to 3 days. 
The D-Amlnoacylase produced and accumulated with gene expression can be recovered and Isolated by the following 
methods. 

35 [O043] When D-aminoacylase Is intracellularty p roduced, the fungal cells are collected by the rpethod such as filtration 
or centrifugation after the culturing and washed with buffer, physiological saline, etc. The enzymecan then be extracted 
by disrupting the fungal cells using physical means) such as freeze-th awing, ultrasonication, compression, osmotic 
treatment, or trituration; using biochemical means, such as cell wall lysis with lysozyme; or using chemfcal means, 
such as surfactant treatment One or more of these treatments can be combined. The crude D-aminoacylase thus 

'40 obtained can be purified by a single' or conriblned fractionation means; including sailing out; fractional precipitation with 
organic solvents, etc.; various chromatographies, such as salting-out chromatography. Ion-exchange chromatography, 
gel filtration chromatography, hydrophobic chromatography, dye chromatography, hydroxylapatlte chromatography, or 
affinity chromatography; and electrophoresis, such as isoelectric focusing and native electrophoresis. The above chro- 
matographies can be performed using open columns or by means of medium-pressure or high-performance liquid 

45 chromatography (HPLC). 

[0044] Specifically, the D-amlnoacylase can be prepared for example by the purification method described in the 
example below. That Is, cultivation with shaking is conducted in a medium for example, like 231 liquid culture medium 
(0.1 % yeast extract, 0.1 % meat extract, 1 .0% maltose, 0.2% N.Z.amine type A, pH 7.0), and harvested by centrifugation. 
The obtained cell body is fragmented by ultrasonication with a sonicator, and the crude enzyme solution of the D- 

50 aminoacylase is obtained by recovering the supernatant by centrifugation. Thereafter, precipitation treatment using 
ammonium sulfate, desalting by gel filtration, Butyl-Toyopeari 650M hydrophobk: chromatography, DEAE-Toyopeari 
660M ion-exchange chromatography, Sephacryl S200 gel fiitratlon chromatography, MonoQ ion exchange chromatog- 
raphy is conducted to purify the enzyme as a single band by SDS-polyacrylamide gel electrophoresis. 
[0045] By utilizing the D-amlnoacyiase of the present invention, It is possible to Isolate the DNA encoding the same. 

55 The DNA encoding the D-amlnoacylase of the present invention can be isolated, for example, by the following method. 
[0046] After purification of the enzyme of the present invention, the N-temr»lnal amino acid sequence is analyzed. 
Then, it is digested with enzymes such as lysylendopeptidase and V8 protease, and the peptkie fractions are purified 
by reverse phase liquid chromatography. Thereafter, rnany amino acid sequences can be deteninined by analyzing 
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amino acid sequence by protein sequencer. 

-[0047] — PGR primers are designed based on the determined amino acid sequence, and a part of the DNA encoding 
the D-aminoacylase of the' present invention can be obtained by conducting PGR, using the genomic DNA orcDNA 
iibrary of the enzymei^roducing strain as the template, and a PGR primer designed based on the amino acid sequence. 
5 [0048] Moreover, DNA encoding the D-aminoacylase of the present invention can be obtained by using the obtained 
DI^A fragment as the probe, by inserting the restriction enzyme digest of the genomic DNA of the enzyme-producing 
strain into a phage or plasmid and such, transfomiing the E.co// with it to obtain the library or cDNA library, and con- 
ducting colony hybridization, plaque hybridization, and so on. 

[0049] It is also possible to obtain the DNA encoding the D-aminoacylase of the present invention by first analyzing 
10 the base sequence of the obtained DNA fragment by PGR, and thereafter, designing a PGR primer to elongate the 
l<nown DNA outside. After digesting the genomic DNA of the enzyme-producing strain with an appropriate restriction 
enzyme, reveise PGR is performed using the DNA as the template, by the self cyclization reaction (Genetics 120, 
621-623 (1988)), the RACE method (Rapid Amplification of cDNA End, "PGR experimental manual" p25-33 HBJ press) 
- and such. The DNA encoding a D-aminoacylase of the present invention include not only the genomic DNA and cDNA 
IS cloned by the above-mentioned methods but also chemically synthesized DNA. 

[0050] The isolated DNA encoding the D-aminoacylase of the present invention is inserted into.a. known expression 
vector to provide a D-amlnoacylase-expressing vector. Further, by culturing cells transformed with the expression vec- 
tor, the D-aminoacylase of the present invention can be obtained from the transfomried cells. 
[0051] There is no restriction on the microorganism to be transformed for D-amlnoacyiase expression In the present 
80 inverttion. so long as the organism is capable of being transformed wjth the vector containing the recombinant DNA 
encoding the this D-amlnoacytase and capable of expressing D-aminoacylase acth^ity. Available microorganisms are 
those for which host-vector systems are available and include, for example: 

bacteria such as the genus Escherichia, the genus Baciilus, the genus Pseudomonas, the genus Serratia, the 
genus Brevibacteriurh, the genus Corynebacterium, the genus Streptococcus, and the genus Lactobaciilus; 
actinomycetes such as the genus Rhodococcus and the genus Streptomyces; 

yeasts such as the genus Saccharomyces, the genus Kluyveromyces, the genus Schizosaccharomyces, the genus 
Zygosaccharomycea, the genus V^rroiv/a, the genus Trichospofon, the genus Rhodosporidium, the genus 
Hansenuta, the genus Phhla, and the genus Candida; ax\<\ 

fungi such as the genus Neurospora, the genus Aspergillus, the genus Cephalosporium, and the genus Trfchode- 
rma;etc. 

[0052] Procedure for the preparation of a transformant and construction of a recombinant vector suitable for a host 
can be carried out by employing techniques that are commonly used In the fields of molecular biology, bioengineering, 
35 and genetic engineering (for example, see Sambrook et al., "Molecular Cloning", Gold Spring Harbor Laboratories). In 
order to express the DNA encoding the D-aminoacylase of the present invention in a microorganism, it is necessary 
to introduce the DNA into a plasmid vector or phage vector that is stable in the microorganism and allow the genetic 
inf onnation transcribed and translated. To do so, apromoter, a unit for regulating transcription and translatton, is typically 
placed upstream of the 5' end of the DNA encoding D-amlnoacylase, and preferably a temriinator is placed downstream 
~ 40 ' of the 3*'end'pf the DNArThe promoter and the terriiinator should be functional In the microorganism to be utilized as 
a host. Available vectors, promoters, and terminators forthe above-mentioned various microorganisms are described 
in detail in "Fundamental Gourse in Microbiology (8): Genetic Engineering", Kyoritsu Shuppan, specifically for yeasts, 
In "Adv. Blochem. Eng. 43. 75-1 02(1 990)" and "Yeast 8, 423-488 (1 992).* 

[0053] For example, forthe genus Escherichia, in particular, for Escherichia coli, available plasmids include the pBR 
45 series and pUG series plasmids; available promoters include promoters derived from lac (derived from p-galactosidase 
gene) . tip (derived from the tiyptophan operon), tac and trc (which are chimeras of lac and trp), P^ and Pr of X phage, 
etc. Available terminators are derived from trpA, phages, rrnB ribosomal RNA, etc. 

[0054] For the genus Bacillus, available vectors are the pUB11 0 series and pCI 94 series plasmids; the vectors can 
be integrated into host chromosome. Available promoters and tenninators are derived frpm apr (alkaline protease), 

so npr (neutral protease), amy (a-amylase), etc. 

[0055] For the genus Pseudomonas, there are host-vector systems developed for Pseudomonas puUda and Pseu- 
domonas cepacia. A broad-host-range vector, pKT240, (containing RSF1 010-derived genes required for autonomous 
replication) based on TOL plasmid, whteh Is involved in decomposition of toluene compounds, is available; a promoter 
and a temninator derived from the lipase gene (Unexamined Published Japanese Patent Application (JP-A) No, Hel 

SS 5-284973) are available. 

[0056] For the genus Brevibacterium, in particular, for Brevibacterium lactofermentum, available plasmid vectors 
include pAJ43 (Gene 39, 281 (1985)). Promoters and tenninators used for Escherichia co/ican be utilized v^hout any 
modification for Srevsibacfer/um. 
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[0057] For the genus Corynebacterium, in particular, for Corynebacterium giutamicum, plasmid vectors such as . 

pCS11 (JP-A No. Sho 57-183799) and peB10V(Mol: Gen. Genet: 196; 175(1984)) are available. 

[0058] For the genus Streptococcus, plasmid vectors such as pHV1 301 (FEMS Microbiol. LeU. 26, 239 (1 985)) and 
pGK1 (Appl. Environ. Microbiol. 50, 94 (1 985)) can be used. 

5 [0059] For the genus Lactobadllus, plasmid vectors such as pAMpi (J. Bacteriol. 137, 614 (1979)), which was de- 
veloped for the genus Streptococcus, can be utilized; and pronnoters that are used for Escherichia coHare also usable. 
- [0080] For the genus Rhodococcus, plasnnid vectors Isolated from Rhodococcus rhodochrous are available (J. Gen. 
Microbiol. 1 38, 1 003 (1 992)). 

[0061] For the genus Streptomyces, plasmlds can be constructed In accordance with the method as described in 

10 "Genetic Manipulation of Streptornyces: A Laboratory Manual"' (Cold Spring HartDor Laboratories (1 985)) by Hopwood 
et al. In particular, for Streptornyces Uvidans, plJ486 (Mol. Gen. Genet 203. 468^78, 1986), pKG1064 (Gene 103, 
97-99 (1991)), and pUWL-KS (Gene 165, 149-150 (1996)) are usable. The same plasmids can also be utilized for 

^Strepto/ryces-v/rp/n/ae {Actinomycetol-1-lT46-53(1 997)); ■ — — 

[0062] For the genus Saccharomyces^ In particular, for Saccharomyces cerevisiae, the YEp series, YEp series, YCp 

IS series, and Ytp series plasmids are available; integration vectors (refer EP 537456, etc.), which are integrated into 
chromosome via homologous recombination with multlcopy-rtoosomal genes, allow to introduce a gene of interest in 
multicopy and the gene Incorporated Is stably maintained in the microorganism; and thus, these types of vectors are 
highly useful. Available promoters and terminators are derived from genes encoding ADH (alcohol dehydrogenase), 
GAPDH (glycera!dehyde-3-phosphate dehydrogenase), PHO (acid phosphatase) . GAL (^-galactosidase), PGK (phos- 

20 phoglycerate kinase). ENO (enolase), etc. 

[0063] For the genus Ktuyveromyces, In particular, for Kluyveromyces tactis, available plasmids are those such as 
2-jim plasmids derived from Saccharomyces cerevisiae, pKD1 series plasmids (J. Bacteriol. 145, 382-390(1981)), 
plasmids derived from pGKII and involved in the killer activity, KARS (Kluyveromyces autonomous replication se- 
quence) plasmids, and plasmids (refer EP 637456, etc.) capable of being integrated Into chromosome via homologous 

2S recombination with the ribosomal DNA. Promoters and terminators derived from ADH, PGK, arid the Uke are available. 
[0064] For the genus ScNzosaccharomyces, it is possible to use plasmid vectors comprising the ARS (autonomous 
replication sequence) derived from ScNzosaccharomyces pombe and auxotrophy-complementrng selectable markers 
derived from Saccharomyces cerevisiae (Mol. Cell. Biol. 6, 80 (1986)). Promoters such as ADH promoter derived from 
Schizosaccharomyces pombe are usable (EMBO J. 6. 729 (1987)). in particular, pAUR224 is conrvnerclally available 

30 from TaKaRa Shuzo Co., Ltd. 

[0065] For the genus Zygosaccharomyces, plasmids originating from those such as pSB3 (Nucleic Acids Res. 13. 
4267 (1 985)) derived from Zygosaccharomyces rouxii are available; It Is possible to use promoters such as the PHOS 
promoter derived from Saccharomyces cerevislae and GAP-Zr (Gtyceraldehyde-3-phosphate dehydrogenase) promot- 
er (Agri. Biol. Chem. 54, 2521 (1 990)) derived from Zygosaccharomyces rowdi 

35 [0066] For the genus Hanser)ula, host-vector systems have been developed for Hansenula pofymorpha. Hansenuto 
potymorpha-6eTh/e6 autonomous replication sequences, HARS1 and HARS2, may be utilized as vectors, but the rep- 
lication sequences are relath/ely unstable, and accordingly multicopy integration Into chromosome is an effective way 
to ensure stable introduction of genes (Yeast 7, 431-443 (1 991 )). Promoters such as that of the AOX (alcohol oxidase) 
gene, of which expression Is Induced by methanol or the like, and a promoter from the FDH (fomriic acid dehydrogenase) 

40 are available. " ' ~ 

[0067] For the genus Pich'iat host-vector systems originating from autonomous replication sequences (PARS1, 
PARS2) derived from P/cWa have been developed (Mol. Cell. Biol. 5. 3376 (1 985)), and it is possible to employ a highly 
efficient promoter, such as the methanol-inducible AOX promoter, which Is available for high-celi-density-culture (Nu- 
clei Acids Res. 1 5, 3859 (1 987)). 

49 [0068] For the genus Candida, host-vector systems have been developed for Candida mattosa, Candida aibicans, 
Candida tropicatts, Candida utUis, etc. An autonomous replteatlon sequence originating from Candida maitosa has 
been cloned (Agri. Biol. Chem. 51 , 51 , 1 587 (1 987)), and a vector using the sequence has been developed for Candida 
maitosa. 

[0069] Further, a chromosome-integration vector with a highly efficient promoter unit has been developed for Candida 

so (JP-A No. Hei 08-173170). 

[0070] For the genus Aspergillus, Aspergillus niger and Aspergillus oryzae have intensively been studied among 
fungi, and thus plasmid vectors and chromosome-integration vectors are available, as well as promoters derived from 
an extracellular protease gene and amylase gene (Trends In Biotechnology 7, 283-287 (1989)). 
[0071] Forthe genus Trichoderma, host-vector systems have been developedfor Trichoderma reesei, and promoters 

55 such as that derived from an extracellular ceilulase gene are available (Biotechnology 7, 596-603(1 989)). 

[0072] There are various host-vector systems devetoped for plants and animals other than mtoroorganisnrts; In par- 
ttoular. the systems include those of Insect such as silkworm (Natures 15. 592-594(1 985)), and plants such as rapeseed, 
maize, potato, etc. 
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[0073] Various kinds of strains having D-aminoacylase production ability are encompassed by tlie present Invention 
including mutant strains, mutation, and transformed strains with acquired production ability of the Draminoacylase of 
the present Invention mad^ by the utilization of the gene manipulation technique. 

[0074] A foreign gene contained in the transf ormant is induced under appropriate conditions given in a growth phase 
5 or after full growth. For exarfiple, in the case of lac promoter, addition of IPTG Induces the expression of the foreign 
gene that is connected downstream of the promoter. As for a temperature-sensitive promoter, the culture is perfomned 
at a temperature required for the expression. 

[0075] Cultivation of the.D-aminoacylase-producing strain (including organisms transformed by the D-aminoacylase 
expression vector), and pudfication of the D-aminoacylase can be done by the same method as above. The obtained 

10 D-amlnoacytase can be utilized in the production of D-amIno acids. iVIoreover. The culture can be used in the D-amino, 
acid production as it is, or as a cmde purification product by fracturing the cell body. That Is, the cell body cultured on 
the liquid medium or the plate medium Is harvested, and the Imnnobilfzed cell body, crude enzyme, irnmobllized enzyme 

and so on.is prepared.as.occaslon demands._The.Dramino acid production.reactipn system is.constructed by contacting 

it with the material, N-acyl-DL-amlno acid. The N-acyl-DL-amino acid may be resolved in an appropriate solvent. The 

IS reaction can be carried out In an aqueous media with a buffering ability such as phosphate buffer, a mixed media of 
aqueous media to which 1 to 100% water-soluble organic solvent like methanol, ethanol, acetone^and so on Is mixed, 
and a two phase system of a aqueous media and non-water soluble solvent which fails to dissolve In water, such as, 
n-hexane, ethyl acetate, isopropyl acetate, n-butyl acetate, hexane, toluene, chloroform, and so on. in a two-phase 
system, the D-aminoacylase, as well as the ceii body and the reactant cell body is provided as It Is, or as solutions In 

so water or buffers. Alternatively, the N-acyl-DL-amino acid can be provided to the reaction system resolved in an aqueous 
solvent such as water, buffer, ethanoi. and so on. In this case, the D-amlnoacylase, as well as the ceil body or the 
reactant ceil body constitutes a reaction system with a singular phase. Alternatively, the reaction of the present Invention 
can be carried out utilizing immobilized enzymes, membrane reactors and such. However, the configuration of the 
contact of the enzyme with the. reaction solution is not limited to these specific examples. A reaction solution Is a 

^5 convenient solvent, which provides a desirable environment for expression ofthe enzyme activity, towhk:h the substrate 
Is dissolved. 

[0076] The heat-stabte D-amlnoacytase of the present invention has a property to produce D-amino acid, catalyzing 
reactions with various N-acyi-D-amino acids under highertemperature regions as compared to those of formerly known- 
enzymes. Therefore, the solubility of the material and substrate elevates. And the concentration ofthe preparatk^n can 
30 be set higher. Therefore, using the heat-stable D-amlnoacyiase ofthe present invention it is possible to produce the 
D-amino acid in a much industrially efficient way. For example, D-amino acid can be selectively produced by reacting 
D-aminoacyiase of this invention with N-acyl-DL-amino acid, a mixture of D- and L-enantlomers. 
[0077] N-acyl-DL-amino ackls used In the present invention are not particularly limited and can be selected from a 
wide variety of compounds. A typical N-acyl-DL-amlno acid can be represented by the fomiula (I) : 

35 



[Formula 1] 



40 



43 




so 

where and R2 may be Identical or different and each represents a hydrogen atom or a substituted or unsubstituted 
hydrocarbon group; preferably, the hydrocarbon group represented by R., and R2 is alkyi, aikenyl, alkynyl, cycloalkyi, 
aryl, or aralkyi, or the derivative thereof, and may be further substituted, provided that does not represent a hydrogen 
atom; and X is H, NH4, or a metal Ion. 
55 [0078] The derivative used herein means those of alkyl. aikenyl, alkynyl. cycloalkyi, aryl, or aralkyi substituted with 
alkyi, aikenyl, alkynyl, cycloalkyi, aryl, aralkyi. hydroxy, halogen, amino, thio. methylthio. or the like; or aryl or aralkyi 
of which aromatic ring moiety is a heterocycle comprising one or more nitrogen(s) or su]fur(s). 
[0079] Specrfte examples of the hydrocarbon group contain from 1 to 1 0 carison atoms, including linear or branched 
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alkyi having 1 to 6 carbon aton^. such as methyl, ethyl, n-propyl. ^-propyl, n-butyl, i-butyl, sec-butyl, t-butyl, n-pentyl, 
■ i-pentyl, n-hexyl, etc.; alkenyl having rto 6carbon atoms such aseth any 1, 1-propenyl, 2-propenyl. 1-buteny|, 2-butenyl, 

2-pentenyl, 4-pentenyl, 1-hexenyJ, 3-hexenyl. 5-hexenyl, etc.; alkynyl having 1 to 6 carbon atoms such as ethynyJ, 

1 -propynyl. 2-pentynyl, etc.; aryl such as phenyl, naphthyl, etc. ; cydoalkyl such as cyclopropyl, cyclobutyl, cyclopentyl. 
5 cyclohexyl, etc. The subslltuent of the hydrocarbon group lor R1 and R2 Includes halogen; alkyI as defined above; 

alkenyl as defined above; alkynyl as defined above; aryl as defined above; heterocyclic such as pirldyl. indole, quinotyl. 

etc.; amino; hydroxyl; thio; etc. The metal ion represented by X Includes sodium, patassium, etc. 

[0080] Methyl, chloromethyl, phenyl, and aminomethyl, which may be substituted with the above substltuent(s). can 

be mentioned as preferable Thiomethylethyl (for N-acyl-DL-methlonine), Isopropyl (for N-acyl-DL-vallne). 3-indolyl- 
10 methyl (for N-acyl-DL-tryptophan) , carbamoylmethyl (for N-acyl-DL-asparaglne). benzyl (for N-acyl-DL-phenyla- 

lanine), methyl (for N-acyl-DL-alanine), and 2-methylpropyI (for N-acyl-DL-leucine) can be mentioned as preferable R^. 

[0081] N-acetyl-DL-amlno acid is especially preferable as the substrate, to which the heat-stable D-aminoacylase 
^of'the-present inventlonis-actedrand for-example,-N^acetyl-DL-methionine, N-acetyl-DL-valine, N-acetyt-DL-tryp- 

tophan, N-acetyl-DL-asparagine, N-acetyl-DL-phenylalanlne, N-acetyl-DL-alanine, and N-acetyl-DL-Ieuclne can be 
IS preferably exennpllfied. 

[0082] D-Aminoacylase used for producing D-amIno acid in the present invention Includes the partially purified en- 
zynne as well as the purified one. Moreover, the present Invention Includes D-amlnoacylase stabilized on Insoluble 
carrier by well-known method. Besides these enzyrne proteins, the D-amlnoacylase-produdng microbe can also be 
used in the present invention. Namely, D-amlno adid can be produced by directly reacting the microbe capable of 

20 producing D-aminoacylase with N-acetyl-DL-amlno acid. Further, it is possible to produce D-amlno adds by reacting 
N-acetyJ-DL-amino acids to the reactant microorganisms. The term "reactant microorganisms" -includes those treated 
by physical treatment, such as freezing and thawing methods, ultrasonlcation. pressure, osmotic pressure difference, 
and grinding; biochemical treatment, such as treatment by cell wall lysing enzymes like lysozyme; or by chemical 
treatment, such as treatment by contacting to organic solvents like detergents, toluene, xylene, acetone, and so on. 

25 Microorganisms with changed permeability of the cell membrane by such treatment, or cell-free extracts.ln which cell 
bodies are disintegrated by treatment with glass beads or enzymes, or those partly purified are included in "reactant 
microorganisms". 

[0083] D-aminoacylaso or mk:robes capable of produdng the enzyme or its treatment of present invention is reacted 
with N-acyl-D-amino acid under conditions suitable for the activity and stability of D-aminoacylase, and forthe reactivity 
30 of the transformant. Some D-aminoacylases are activated or Inhibited by divalent metal ions, such as Zn2+. Ni^*, Co2-^ 
and Cu2+. When enzyme activity is inhibited by a divalent metal ion, a chelating reagent such as EDTA can be added. 
[0084] Though the concentratton of the substrate. N-acetyl-DL-amino add, is not particularly limited. It is usually 
employed at a concentration of about 0.1 to 50 w/v%. 

[0085] The substrate does not have to be completely dissolved in the reaction medium. Additionally, the substrate 
35 can be added at the beginning of the reaction, but it Is convenient to add it continuously or intermittently so that the 
substrate concentration In the reaction liquid does not rise too high. The reaction may proceed earlier in most cases, 
where large quantities of D-amlnoacylases are used; however, an amount of 1 U to 1 000 UAtjI of the enzyme is normally 
used. The reaction temperature may be set up according to the thennal stabifity of the enzyme, but is usually in the 
range of 6 to yO'^C. Further, the reaction pH may be any amount where the enzyme acts, but Is usually a pH 4 to 10. 
40 ' The reaction may be conducted with stirring or without stirring, 

[0086] In general, an enzyme or a microorganism can be stabilized by immobilization. Immobilization can be done 
by any known method, on a suitable carrier such as polyacryl amide gel. sulfur-containing polysaccharide gel (carra- 
geenan gel), alglnic add gel, chltin, cellulose or agar gel. Moreover, previous methods utilize cross-llnklng-treated 
carrierc, such as giutaraldehyde. The time required for the reaction with the immobilized enzyme or microorganism 
45 depends on the amounts of both D-amlnoacylase and substrate. One skilled In the art can emplrfcally optimize these 
conditions as the most Ideal ones. Usually, ten- to one hundred-hour reaction efflciently produces a desired reaction 
product. 

[0087] The D-amino acids produced can be recovered by a known method such as direct ciystalllzatlon by concen- 
tration or isoelectric precipitation, ion exchange resin treatment, membrane filtration, or the like. For example, D-tiyp- 

50 tophan produced using N-acetyl-DL-tryptophan as a substrate can be purified as follows. After the enzymatic reaction, 
the reaction mixture is contacted with a strongly acidic cation exchange resin to adsorb D-tryptophan. The resin is 
washed with water and D-tryptophan is eluted with 0.6 N aqueous ammonia. After the eluate is concentrated, the thus- 
obtained crude crystalline powder of D-tryptophan is dissolved in a small amount of 60% hot ethanol. decolorized with 
activated charcoal, and cooled to obtain purified crystals of D-tryptophan. 

55 [0088] In the method of the present Invention, D-vaiine can, be purified as follows. After the enzymatic reaction, the 
microbial cells are removed by centrifugatlon or the like, and the resulting supernatant is adjusted to pH 1 by adding 
6 N hydrochloric add. The precipitated N-acetyl-L-valine is removed by centrifugatlon. The supernatant Is treated with 
activated charcoal, adjusted to pH 7.0, then added to an H+-type strongly acidk: cation exchanger (Amberiite lR-1 20B). 
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Elution is performed with 5% aqueous ammonia, and tlie resulting eluate Is dried at 80*»C under reduced pressure, 

— thereby obtaining purified D -valine. — — . _ • . 

[0089] According to the (Dresent invention, a heat-stable D-amlnoacylase derived from Streptomyces thermonnrifh 
cans, as well as preparation method for D-amino acid using the same is provided. By utilizing the heat-stabJe D-ami- 
5 noacylase, it is possible to ^)rdduce readily and efficiently the corresponding D-amino acids from N-acetyl-DL-amino 
acids (for example, N-acetyl-pu-methlonine, N-acetyl*DL-vaIlne, N-acetyl-DL-tryptophan, N-acetyl-DL-phenylalanine, 
N-acetyl-DL-alanine, N-acetyl-DL-leuclne, and so on). 

[0090] Any patents, patent applications, and publications cited herein are incorporated by reference. 
[0091] The present Invention {s descnbed In more detail with reference to the following examples but is not to be 
10 construed to be limited thereto. 

EXAMPLE 1 



(1) Identification of the strain 

15 

[0092] The properties of CS5-9. isolated from the soil of Shlzuoka prefecture, was as follows. Xha color of the aerial 
h^ha was gray and that of the substrate hypha had no color, and no diffusion melanin p^ment was seen. The linkage 
fomri of the spore was spiral, and the sporophore was generally straight but was rarely obiserved to be spiral In an ISP 
medium containing glucose. It can utilize D-glucose, D-f ruclose, sucrose, and inositol, but it cannot grow on. L^arab- 

so inose, D-xylose, D-mannitol, rafTinose, or rhamnose. The LL-diamlnopimelic add Is the main fatty add composition of 
the cell wall. The identity analysis of the 16S rRNA base sequence by direct sequendng with PCR revealed 100% 
identity with Streptomyces themonnriffcans DSM 40579 (ISP 5579). Thus, the CS5-9 strain was identified as belonging 
to the Streptomyces thermonltriUcans based on the ISP (International Streptomyces Project) and Sergey's manual of 
Systematic Bacteriology (Volume 4) 1 989. 

2S [0093] This strain was deposited as "Streptomyces thenmonitiif leans CS5-9" with the following depositary institution. 

(t) Name and address of the depositary institution . 

name: National Institute of Bioscience and Human-Technology, Agency of Industrie I Science and Technology, 
Ministry of International Trade and Industry 
30 address: (zip code 305-0046) 

1-1-3, Higashi, Tsukuba-shi, IbarakI 305, Japan 

(ii) Date of deposit (first day when it was deposited) 

July 11.2000 

(iii) Accession No. PERM BP-7678 

35 

(2) Strain and cultivation 

[0094] The culture media to produce D*aminoacylase with Streptomyces thermonitrificans CS5-9 was prepared by 
pouring 120 ml of 231 liquid media (0.1% yeast extract (Oriental Yeast, co., ltd.), 0.1% meat extract, 1 .0% maltose, 

40 0.2% N.Z.amine type A, pH 7.0) to each SOOHfnl volume Sakaguchi flask, and sterilized in an autoclave (Speedclave, 
Kurihara medical Instruments). The culture was conducted on a shaker at 115 spm. for 42 hours at 50'C. 5 ml lk:|uid 
media with the same composition was poured into a test tube and was sterilized In a Speeddave to seed a volume of 
platinum loop from the slant (TBS agar media(0.4% polypeptone, 0.05% glucose, 0.5% NaCI. 0.25% KgHPO^. 2% 
agar, pH 7.3)) and to culture with shaking at SO^'C for 24 hours as a preculture. 

45 [0095] After culth/atlon, centrlfugatlon (Hitachi Koki, himac SCR20B, RPRlO-2 rotor) at 8.000 rpm (12.500X g) for 
1 0 minutes at 4»C was conducted to harvest the fungus. After washing the harvested fungus with 50 mM phosphate 
buffer (pH 7.0), it was centrlfuged in the same rotor at 4,000 rpm (3.1 30X g) for 1 0 minutes at 4*'C to obtain the fungus 
to be used. The obtained fungus was kept at -20*'C. 

so (3) Method for D-aminoacylase activity measurement 

[0096] The fungus obtained as above was disintegrated in 50 mM phosphate buffer (pH 7.0) by ultrasonication wfth 
a sonicator (Kubota, Insonator 201 M) at 1 90 W for 1 5 minutes. Then, it was subjected to centrifugation by a cooling 
centrifuge (Hitachi Koki) using an RPM20-2 rotor at 17.500 rpm (39,000X g) for 15 minutes at 4'»C to obtain the super- i 
55 natant. This was used as the crude enzyme solution of D-aminoacylase. 

[0097] The measurement of the enzyme activity was proceeded according to the TNBS method (Tokuyama, S., 
Hatano, K., and TakahashI, T. Biosci.Biotech.Blochem. 58:24(1994)). That is, the sample containing the amino acid 
was added to 0;5 ml of solution (C) (0.1 M Na2B407) to give a total volume of 1 .0 mi. 20 ml of 0.11 M TNBS solution 
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was added with stirring immediately. The absorbance at 420 nm was measured after 5 minutes. 
[0098] D-methlonine was measured colorimetrically using L-methionine as a standard, and the amount of enzyme- 
producing 1 nmol of D-methionine In 1 minute at 3p*C was determined 1 unit. 

[0099] The assay of the protein was conducted according to the method of Lowry using BSA (Bovine Serum Albumin, 
5 Sigma) as the standard. That is, before measurement, an alkaline copper solution, which is a 50:1 mixture of solution 
(A) (2% NaaCOa (in 0.1 N NaOH)) and solution. (B) (0.5% CuS04-6H20 (in 1% sodium citrate), was prepared and 1 
ml of the alkaline copper solution was added to the protein sample (5 to 50 \ig of proteins). Allowing it to stand still for 
20 minutes at room temperature, 0.1 ml of phenol reagent (acid concentration 1 N) diluted with 2 volumes of distilled 
water was added and was left for 30 minutes at room temperature. Then, the absorbance at 750 run was measured. 

10 

EXAMPLE 2 

Purificatlon-of the-heat-6table-D=an™noacylase-derivedfrom-Sfreptom^ 

IS (1) Cultivation ot the fungus 

[O1O0] The culture media for the production of D-aminoacylase by Streptomyces thermonitrificans CS5-9 strain was 
prepared by pouring 120 ml of 231 liquid media (0.1% yeast extract (Oriental Yeast, co., ltd.), 0.1% meat extract, 1.0% 
maltose, 0.2% N.Z.amine type A, pH 7.0) to each 500 ml volume Sakaguchi flask, and sterilizing in a Speedclave 
20 (Kurlhara medteal instruments). The culture was conducted on a shaker at 116 spm. for 42 hours at 50* C. 5 ml liquid 
media with the same composition was poured Into a test tube and was sterlDzed in a Speedclave to seed a volume of 
platinum loop from the slant (TBS agar media(0.4% polypeptone. 0.05% glucose, 0.5% NaCI, 0.25% K2HPO4. 2% 
agar, pH 7.3)) and to culture with shaking at SO'C for 24 hours as a preculture. 

[0101] After cultivattoh, centrifugation (Hitachi Koki, himac SCR20B, RPR10-2 rotor) at 8,000 rpm (12,500X g) for 
26 10 minutes at 4**C was conducted to harvest the fungus. After washing the harvested fungus with 50 mM phosphate 
buffer (pH 7.0), it was centrif uged in the same rotor at 4,000 rpm (3,1 30X g) for 1 0 minutes at 4«C to obtain the fungus 
. to be used. The obtained fungus was kept at •20<*C. 

(2) Purification of D-amlnoacylase 

30 . 

[0102] PuriHcatlon procedure was canled out at 4**C except othenvise stated. 50 mM phosphate buffer (pH 7.0) was 
used as the buffer. 

(2-1) Preparation of the crude enzyme solution 

35 

[0103] 980 g of wet fungus were suspended In 3 volumes of 50 mM phosphate buffer (pH 7.0), and were ultrasonicated 
at 1 90 W for 25 minutes. Then it was centrifuged (himac SCR20B HITACHI RPR1 0-2 rotor. 8,000 rpm (12,500X g), 16 
min, 4'*C) to give a crude enzyme solution (2.35 L) . 

40 (2-2) Biityl-Tovopearl 650M column chromatography 

[0104] To give a 30% saturated solution, ammonium sulfate was added to the crude enzyme solution. The mixture 
was allowed to stand still for 1 hour at O^C, then It was centrifuged (17,500 rpm X30 minutes). The supernatant was 
absorbed on a Butyl-Toyopearl 650M column (200 mQ. previously equilibrated with a buffer containing 30% saturated 

45 ammonium sulfate. The column was washed wltti 1000 ml of the same buffer. Then was eluted with 1000 ml of the 
buffer decreasing the concentration of ammonium sulfate from 30% saturated to 0% to obtain the active f ractton (1 00 
ml). Ammonium sulfate was added to the actwe fraction to 60% saturation, and the mixture was allowed to stand still 
for 1 hour at O'C. and was centrifuged (17,500 ipm X30 minutes). After the precipitate was rinsed with the buffer. It 
was diluted in the buffer (30 ml). By conducting Butyl-Toyopearl 650M column chromatography, the enzyme of the 

so present invention absorbed at a concentration of 30% saturated ammonium sulfate, and no activity of the enzyme of 
the present invention was obsen^ed In the wash through fraction and washing fraction, but was In the elutlon fraction 
(Figure 1). * 

(2-3) Desalting gel filtration by Sephadex G-25 

55 

[01 05] The above concentrated solution (30 ml) was gel filtrated to desalt with SephadexG-25 (1 00 mQ, equilibrated 
in advance with 300 ml of buffer containing 50 mlVI NaCI. 
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(2-4) Butyi-Toyopearl 650M column chromatography 

[01 06] To reach 30% sati/ralion, ammonfum sulfate was added to the desalted active fraction above (90 ml). absorbed 
on a Butyl-Toyopear! 65QM column (60 ml), which was equilibrated in advance with the buffer containing 30% ammo- 
5 nlum sulfate, and washed whh '250 ml of the same buffer. Elution with 250 ml of the buffer with a linear gradient from 
30% saturated to 0% ammonfum sulfate was performed to obtain the active fraction (72 ml). Ammonium sulfate was 
added to 60% saturation to the active fraction, and it was allowed to stand still for one hour at 0^*0, and then centrlfuged 
at 1 7.500 rpm for 30 minutes. After washing the precipitate with the buffer, the fraction solubilized in 20 ml of the buffer. 

10 (2-5) DEAE-Toyopeari column chromatography 

[0107] The desalted fraction (35 ml) was absorbed on the DEAE-Toyopearl 650M column (50 ml), equilibrated in 
advance with a buffer, and washed with 200 ml of the same buffer. Elution with 250 ml of the buffer with a linear gradient 
of 0 to 0.5 M NaCl, the enzyme of the present invention was considered being eluted at a concentration around 0.20 
15 M NaCI. and 5.0 ml of the active fraction was obtained. The result Is shown In Figure 3. 

(2-6) HlPrep 16/60 Sephacryl S200 HR column chromatography 

[0108] The present chromatography was conducted at room temperature. 

20 [01 09] The acth^e fraction obtained above (4.9 mi) was loaded on the HiPrep 1 6/60 Sephacryl S200 H R. equilibrated 
in advance with a buffer contalriing 0.15 M Nad. eluted with the same buffer and dh^ided into fractions of 1 .0 ml. 3 ml 
of active fraction was obtained. By conducting HiPrep 16/60 Sephacryl 8200 column chromatography (FPLC), the 
active fraction was obtained from the solution by elutlng with 43 ml to 52 ml buffer. The activity of the enzyme of the 
present invention reached the peak at the elution volume of 50.5 ml. (Figure 4] 

25 [01 10] The purification process Is resumed in Table 1 . The enzyme of the present invention was purified 1 07 folds, 
from 980 g of wet fungus by various chromatography at a yield of 0.16%. The specific activity was 384 mU/mg. 



Table 1 



Purification of D-aminoacylase derived from S. thermonitrificans 


Purification step 


Activity 


Total protein 


rield 


Degree of purification 


(mU) 


(mU/ml) 


(mU/mg) 


(mg) 


(%) 


(fold) 


Clude enzyme soiutbn 


24900 


10.6 


3.61 


6900 


100 


1 


Butyl Toyopearl650M (1 st) 


4230 


47.0 


7.25 


230 


17 


2 


Butyl Toyopearl650M (2 nd) 


2270 


64.8 


24.9 


14.4 


9.1 


3.3 


OEAE Toyopearl650M 


591 


121 


83.8 


7.06 


2.4 


23 


H'Q)rep16/60 SephacrylS200 


40.0 


40.0 


385 


0.10 


0.2 


107 



^ (3) SDS-Polyacrylamlde gel electrophoresis - — ^ . - -- - 

[0111] Separation gel solution 

• 30% acrylamide mbc. 6 ml 

• HgO 1.3 ml 

• 0.76 M Trls-HCI (pH 8.8) 7.5 ml 

• 10%SDS 150 jil 

• TEMED 12^1 

so [01 1 2] 50 111 of 25% APS was added to the separation gel solution as prepared above, and after stirring, It was poured 
into a gel plate until the upper surface of the gel solution reached the line 3 cm below the top of the plate, and H2O 
was loaded onto the layer. After 10 to 20 minutes, as the gel coagulated, the loaded l-i20 was discarded. 



55 
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Stacking gel solution 



[0113] 

0.75 ml 
3.75 ml 



[0114] 25 \i\ of 25% APS was added to the stacking gel solution as prepared above, and after stirring, It was poured 
into the gel plate to the top, and a comb was Inserted. The gel aggregated after about 20 to 60 minutes. A volume of 

6ample-treatlng-solutlon-(0.-125-M^tis-HGI-(pH-6^8)H0%--2-mercaptoelhanol-4% SDS, 10% sucrose, 0.004% 

Bromophenol Blue) was added to the sample solution, diluted or concentrated as appropriate, treated in boiling water 

IS at 1 0O'C for 3 minutes. And then, applied 20 ^1 of ft onto the gel. Jris-glycine buffer (25 mM Trls-HCI (pH 8.4), 1 92 mM 
glycine, 0.1% SDS) was used as the buffer for electrophoresis, and electrophoresis with 30 mA constant current was 
conducted. The gel was stained with 0.25% Coomassle Brflllant Blue R-250 solution for 1 hour, and was decolorized 
in a decolorizing solution (methanohacetic acld:water(25:7.5:67.5} mixture). 

[0115] By performing SDS-polyacrylamide gel electrophoresis with active fraction after various chromatographies, 
so it was confirmed that the enzyme was purified to a single band with a molecular weight of 40,000 after gel filtration. 
[0116] The yield of the enzyme of the present invention after the purification process was 0.2%, and was purified 
1 07 times, showing a single band by SDS-PAGE. 

EXAIViPLE 3 

25 . 

Properties of heat-stable D-aminoacylase derived from Strepton^ces thernKmitrificans. 

(1) Measurement of the molecular weight 

^ [0117] The molecular weight was measured by (1) get filtration method, and (2) SDS-polyacrytamide gel electro- 
phoresis (SDS-PAGE) method. 

(1-1) Gel filtration method (Figure 5) 

35 [0118] "Superose 12 HR 1 0/30" (Pharmacia) was used as the column. "Gel Filtration Standard" (Blo-Rad); thyroglob- 
ulin (670 K). gamma globulin (158 K), ovalbumin (44 K). myoglobin (17 K), vitamin B-12 (1 .35 K) was used as the 
marker of molecular weight. The flow rate was 0.25 ml/hnln. As a result, the enzyme of the present invention was 
detennined to have a molecular weight of about 40,000 by gel electrophoresis. 

40 (1-2) SDS-PAQE memod (Figure 6) 

[0119] Electrophoresis was conducted according to the method described before using Minl-PROTEAN II electro- 
phoresis apparatus (Bio- Bad) with a constant current of 30 mA. Phosphorylase (97 K), serum albumin (66.1 K). oval- 
bumin (45 K), carbonic anhydrase (31 K) was used as the marker of molecular weight. After electrophoresis, the gel 

45 was stained with Coomassie Brilliant Blue, and compared with the molecular weight marked after decolorizing with 
decolorizing solution I (100 ml acetic acid, 300 ml methanol, 700 ml pure water) and decolorizing solution It (75 ml 
acetic acid, 50 ml methanol, 8;^5 ml pure water). As a result, the molecular weight was estimated to be about 40,000. 
[0120] Thus, the heat-stable D-amlnoacylase derh^ed from Streptomyces thermonioiffcans was estimated to be a 
monomer with a molecular weight of about 40,000. The molecular weight of the enzyme of the present invention is 

so smaller than that of the D-amlnoacylase of genus AJcaligenes (Ml-4 strain; 51 ,000, A-6 strain; 52,000, DAI strain; 
55,000, DA1 81 strain ; 58,000), and also was different from that of the D-amlnoac^lase of genus Streptomyces reported 
before {S.ofivaceus; 45,000). 

(2) Substrate specificity 

55 

[0121] The substrate specificity of the enzyme of the present invention was compared taking the enzyme activity 
against N-acetyl-D-methionine as 100%. N-acetyl-D-valine, N-acetyl-D-phenylalanine. N-acetyl-D-leucine, N-acetyl- 
D-tryptophan. N-acetyl-D-asparglne, N-acetyt-L-methionine, N-acetyl-L-leuclne, and N-acetyl-L-valine was used as 
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IS 



so 



25 



30 



35 



-40 



the substrate for comparison. The enzyme activity was measured in a standard reaction solution (total volume of 600 
containing 100 jil of enzyme solution, and 400 \i\ of 50 mM Tris/HCI (pH 7.5) containing 20 mM of eacli substrate 
and 1 mM cobalt chloride at 30**C for 60 minutes. The substrate specificity for N-acetyls of D-methionine, D-leucine, 

D-valine, D-tryptophan, D-aspargine And D-phenylalanine is depicted in Table 2. 

i ' ' 

[Table 2] 



Substrate specificity of D-aminoacylase 



Substrate (20mM) Activity (mU/ml) Relative activity (%) 



/V-Ac-D-Met 
A/-Ac-D-Val 
N -Ac-D-Leu 
-A/-Ac=D=Ala - 
N-Ac-D-Trp 
A/-Ac-D-Phe 
A/.Ac-L-Met 
A/.Ac-L-Val 
Af-Ac-L-Phe 



40.6 
14.7 
8.93 
-16.9 
48.4 
62.2 

0 

0 

0 



100 
40 
21 
—40- 
105 
144 
0 
0 
0 



[0122] The enzyme of the present Invention efficiently catalyzes reactions with N-acetyl-D-phenylalanlne, N-acetyl- 
D-lryptophan and N-acetyl-D-melhionine, and catalyzes also reactions with N-acelyl-D-leuclne. N-acelyl-D-vaiine and 
N-acetyl-D-alanlne. But didn't catalyze reactions with N-acetyl-L-methionlne, N-acetyl-L-phenytatanine and N-acetyl- 
L-valine. 

(3) Properties of the enzyme 

(3-1 ) Thermal stability of the enzyme 

[01 23] The enzyme solution was wamned to 30«C to 70'C for 30 minutes and was cooled on Ice Immediately there- 
after. Enzyme action of the treated enzyme was measured in 50 mM Tris/HCI (pH 7.5) buffer (total volume of 500 jil) 
at 30*C for 60 minutes. The thermal stability of the enzyme of the present invention is shown in Figure 7. The enzyme 
of the present invention was comparatively stable until 55"C, however the persistence acthfl^ decreased to 20% at 
60'C. and was inactivated at 70*C. 

(3-2) Optimal reaction temperature 

[0124] Changing only the temperature to one of those selected from 30*0 to 70''C, the enzyme reaction In 50 mM 
Tris/HCI (pH 7.5) buffer (total volume of 600 jil) for 15 minutes was perfonmed. The optimal reaction temperature of 
the enzyme of the present invention is shown in Rgure 8. The optimal temperature of the enzyme of the present 
invention was estimated to be around 60*C. 



45 



(3-3) Optimal reaction pH 

[0126] Changing only the pH to one of those selected between pH 6.0 to pH 10.0, enzyme reaction at 30*»C for 60 
minutes was perfonned. 50 mM Bis-Tris-HCI buffer was used for the buffer with a pH between pH 5.0 to 7.0. and 50 
mM Trls-HCI buffer tor that of pH 7.6 to 10.0. The optimal pH of the enzyme of the present Invention is shown in Figure 
9. The optimal pH of the enzyme of the present Invention was estimated to be around pH 7.0. 
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55 



(3-4) pH stability 

[0126] 20 volumes of buffer with a pH between 3 to 11 were added to the enzyme solution. Enzyme reaction at pH 
7.5, 30'»C for 60 minutes was performed after incubating for 20 hours at 4''C. 50 mM citrale-NaOH buffer was used for 
the buffer with pH 5.0 and 3.6, 50 mM Acetate-NaOH buffer for pH 4.0 to 5.0, 60 mM BIs-Tris-HCl buffer for pH 5.0 to 
7.0, 50 mM Tris-HCI buffer for pH 7.0 to 1 0.0, and 50 mM Borate-NaOH buffer for pH 1 0.0 to 1 1 .0. It was stable around 
a pH of 7.0. (Figure 10) ' 
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(3>5) Effect of various metal salt and reagent 

[0127] Various metal salt and various enzyme inhibitors were added to a concentration of 1 mM to the enzyme 
reaction, and measurement of the enzyme reaction was perfomned. The enzyme reaction was conducted in 60 rnM 

5 Tris/HCI (pH 7.5) buffer (total volunne of 500 pJ). For the metal salt added reaction, 1 mM of each metal saU or EDTA 
was added to the standard reaction composition solution without the enzyme and Was preincubated at 30^C for 5 
minutes, then enzyme was added to react at 30<*C for 60 minutes. For the enzyme inhlbltoradded reaction, the staridard 
reaction solution without the substrate was preincubated at 5 minutes, then after adding 1 mM of each Inhibitor substrate 
the substrate was added, and the enzyme reaction was perfomned at SO^'C for 100 minutes. The relative activity was 

10 calculated taking activity of enzyme actions without addition of inhibitors as 1 00%. The effect of various metal salts 
and each inhibitor toward the enzyme of the present invention is set forth in Table 3 and Table 4. 



• [Table.3], 



15 



30 



Effect of metal salt for D-aminoacylase 


Metal salt 


Activity (mUAnI) 


Relative activity (%} 


No addition 


32.1. 


100 


Al2(S04)2 


25.2 


90 


Baa2 


bo.6 


95 


CaCIs 


31.1 


97 


C0CI2 


54.4 


168 


CUCI2 


1.0 


3 


FeClg 


20.4 


63 


FeCIa 


22.0 


68 


KCI 


30.9 


93 


MgCls 


35.2 


109 


MnClg 


21.0 


65 


NaCI 


33.1 


103 


NiC)2 


15.9 


51 


ZnCl2 


22.2 


68 


SnCl2 


32.8 


102 


EDTA 


9.4 


29 



55 



[Table 4] 



40 


Effect of inhibitors against D-aminoacylase 


Reagent 


Activity (mU/mi) 


Relative (%) 




No addition 


45.4 


100 




Hydroxylamnnonium chloride 


46.5 


102 




Kl 


11.3 


24 




Monoiodoacetic add 


37.9 


84 


l>Chioromencuriben2oic acid 


2.1 


4 




DTT 


34.8 


76 




N-Ethylmateimtde 


1.3 


3 




NaF 


45.2 


99 


SO 


2,2'-Bipyridyl 


21.9 


49 




1 ,5-Diphenylcarbonylhydrazide 


40,6 


89 




Phenylmethylsulfonyl fluoride 


29.5 


70 



[0128] The activity of the enzyme of the present invention was increased by the addition of 1 mM Co^-*-, but was 
^ markedly inhibited by Cu^*, Additionally, the enzyme of the present invention was Inhibited by SH reagent such as 
PCMB (p^hloromercuribenzoic acid) and N-ethylmaleimide. Furthermore, it was also inhibited by metal chelating re- 
agent, EDTA. 
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Claims 



1. A heat-stable D>aminodcy1ase having the following physicochemical properties of (a) to (c) below: 

5 (a) action: the enzytn^ acts on N-acyl-D-amino acids to produce the corresponding D-amIno acid; 

(b) thennat stability: the enzyme is stable at 55"C when heated at pH 7.5 for 60 minutes, but is Inactivated at 
TO^'C or more under the same condition; 

(c) optimal temperature: under the condition of pH 7.5. temperature around 6(rc Is suited. 

10 2. The heat-stable D-amlnoacylase of claim 1 , further comprising the following physicochemical properties of (d) to 
(g) below: 

(d) molecular weight: a molecular weight of approximately 40.000 daltpns measured by SDS-polyacrylamlde 
gel electrophoresis; 

IS (e) substrate specificity: the enzyme efficiently catalyzes the reaction with N-acetyl-D-methionine. N-acetyl- 

D-tryptophan and N-acetyl-D-phenyialanlne, and catalyzes the reaction with N-acetyl-D^yaline, N-acetyl-D- 
alanine and N-acetyl-D-leucine, but has substantially no catalytic activity for N-acetyl-L-methionine, N-acetyl- 
L-valine, or N-ace^l-L-phenylalanlne; 

(f) optimal pH: a pH about 7.0 Is suited, when acted at 30*C for 60 minutes; 
^ (g) effect of metal ion: the activity Is accelerated with 1 mM Cc^, but Is markedly Inhibited with 1 mM Cu^^ 

3. The heat-stable D-aminoacylase of claim 1 or 2, which Is derived from microorganisms belonging to the genus 
Streptomyces, 

25 4. A heat-stable D^mlnoacy lase derived from Streptomyces themonitrificans CS5-9 , depos ited u nder the accession 
No. BP-7678. 

5. Streptomyces thermonitrificansCSM, deposited under the accession No. PERM BP-7678. 
30 6. A DN A encoding the heat-stable D-aminoacylase of any of claims Ito 4. 

7. A method for producing the heat-stable D-amlnoacylase of any of claims 1 to 4, said method comprising culturing 
a microorganism producing a heat-stable D-aminoacylase of any of claims 1 to 4 and recovering the microorganism 
or the culture supernatant. 

35 

8. A method for producing D-amIno acid, wherein said method comprises contacting the heat-stable D-amlnoacylase 
of any of claims 1 to 4 with N-acyi-DL-amino acid. 

9. A method for producing D-amino acid, wherein said method comprises contacting a microorganism producing the 
40 heat-stable D-aminoacylase of any-of claims 1 to 4 or-a processed product-thereof with N-acyl-DL-amfno acid. 

10. The method of claim 8 or 9, wherein the N-acyl-DL-amino add Is selected from the group consisting of N-acetyl-DL- 
methionine, N-acetyl-DL-valine, N-acetyl-DL-tryptophan. N*acetyl-DL-asparagine, N-acetyl-DL-phenylatanine, N- 
acetyl-DL-alanine, and N-acetyl-DL-leudne. 
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11. Use of a heat-stable D-amlnoacylase of any of claims 1 to 4 for preparing a D-amino acid. 
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Figure 1 



Bufyl Toyopearl column chromatography 




0 10 20 30 40 

FracdonNo. 



Gel volume: 180 ml 

Rcsm: TK Bot^ Toyopeart 650M 

EquiUbiation and washing: 30% saturated ammonium sulfate containing 50 mM phosphate buffer 800 xnl 
Elution: 800 ml of buffer with a linear gradient of 30% to 0% satuiated ammomum sulfate 

each fraction contained 20 ml solution 
Symbols: "A ' Absoxbanee (280nni) — — Anunonhim sulfate 
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F! guit2 



Butyl Toyopearl column chromatography * 2' 




Fraction No. 

Gel vo lume; 50 ml ^ j ^ " _ 

Resin: TK Butyl Tbyopeari 6SQM 

Equilibration and washing: 30% saturated ammonium sulfate containing SO mM phosphate buffer 800 ml 
Elution: 800 ml of buffer with a linear gradient of 30% to 0% saturated ammoniitm sul^ 

each fracdon contained 20 nd solutioo 
Symbols: "Jk - Absotbance <280nm) -r— Aramoninm suU^Bte 
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IlgureS 



D£A£ Toyopearl column chromatography 



2.5 



I 2 

s 

OO 1 
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Naa 
0.5M 



0 ■ ' •■ WW W' P<> ' J W ' 

1 10 20 30 



40 



0 M 



Fraction No. 



Gel volunie: SOml 

Equilibration and washing: SO inM phosphate buffer 250 ml 
Elution: 250 ml of buffer vdth a linear gradient of 0 M to 0^ M NaQ 

each fraction contained 5 ml solution 
Symbols: — Absorbaiice (2S0nm) _ 
Activity (mU/ml) 
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Fjgnie4 



Hiprep T6/60-Sephaciyl-S200SBQR gel filtratioii (FPLC) 

0.5 ' \ : \ '. 50 




40 



50 

EIniioa vohnnc (ml) 



60 



40 

30 5. 



20 B, 



Gel volume: 320 ml 

Equilibration: 640 ml of SO idM phosphate bufiFcr containing 0.15 M NaO 

Elution: the same^bufiter as above, flow rate-0^ nU/min 

Symbols: — sAr- Afasoibance (280mn) 
— « — Activity (mU/ml) 
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Figures 

Molecular weight of D-axninoacylase estimated by gel filtration (FPLQ 
(M.W.) 
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Samples are duted by gel fUtration using Superose HR 10/30 column at flow ntc 0^ ml/min 
Maiker of molecular woght: A. IgG (158,000); B, ovalbumin (44.000); 

C. myoglobin (17,000); D, vitsimin B-1 Z (USO) 

Symbok OD-AmiopacyUse 



BNSDOCID: «EP 11781 14A2_|_> 
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Figure 6 

SDS-pplyacrylamide g el elec trophoresis 




M l 2 3 4 5 



M: Maiker 

1 : Crude enzyme solution 

2; Butyl Toyopeail chromatography (first time) 

3: DEAE Toyopeari chromatography 

4: hipr^ 10/60 Sephacryl S200 ge] filtratioo 

S:MonoQHRS/5 

Concentration of separation gel: 10% 

Marker of molecular weight: 

phosphor>iase B (97 K), scrum albumin (66,1 K), 
ovalbumin (45 K), carbonic aiihydrasc (31 K) 
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Figtire? 



Heat tolerance of D-aminoacylase 




Temperature ("'C) 

Figures 

Effect of temperature for enzymatic activity of D-aminoacylase 
120 T = — 1 




Reaction temperanire (XZ) 
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i^guie9 

Effect of pH for eii:Qwatic activity of D-aminoacylase 




5 7 9 11 

pH 

▲ SOmMBis-Tris-Ha buffer (pH5.0~7.0) 
• SOmMTris-Ha buffer (pH7^'vl0.0) 
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. Figure 10 

pH-stability of D-aminoacylase 

120 I ■■ 




^citrate -Na OH (pHS.Os 3.5) 

Aacetate-NaOH (pH4.0-;^5.0) 

DBis-Tris HCl (pH5.0--7.0) 
■ Tris-HCl IpHT.O—lO.O) 
O.Boratc-NaOH (pHlO.O— 11.0 ) 

used at SO mM each 
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